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INTEGRATING SCHOTTKY DODE INTO 
POWER MOSFET 

FIELD OF THE INVENTION 

0001. This invention generally relates to semiconductor 
devices and more particularly to the methods for fabricating 
shielded gate trench MOS with an integrated Schottky diode 
within the termination region. 

BACKGROUND OF INVENTION 

0002. A method for fabricating a semiconductor device 
using only four masks is disclosed in U.S. patent application 
Ser. No. 12/722,384 filed Mar. 11, 2010, entitled 
SHIELDED GATE TRENCH MOS WITH IMPROVED 
SOURCE PICKUP LAYOUT, the entire contents of which 
are incorporated herein by reference. The method includes 
forming a plurality of trenches by applying a first mask, 
forming a first conductive region in the plurality of trenches, 
forming an intermediate dielectric region and a termination 
protection region by applying a second mask, forming a sec 
ond conductive region in at least some of the trenches, form 
ing a first electrical contact to the second conductive regions 
and forming a second electrical contact to the first conductive 
region by applying a third mask, disposing a metal layer, and 
forming a source metal region and a gate metal region by 
applying a fourth mask. 
0003. This integrated structure involves power MOSFET 
devices that implement a body diode. However, typical P-N 
junction diodes exhibit undesirable characteristics during 
operation. These undesirable characteristics include: large 
forward conduction loss, storage of charge between body 
epitaxial junction when operating in forward bias, excess 
stored minority charges which cause large recovery currents 
and voltage overshoots when the power MOSFET is switched 
from forward bias to reverse bias, and phase node Voltage 
overshooting/ringing when implemented in a DC-DC con 
Verter application. 
0004 Schottky diodes, on the other hand, exhibit several 
desirable characteristics which make it preferable over P-N 
junction diodes, particularly in power MOSFET configura 
tions. The low forward drop of the Schottky diode during 
forward conduction reduces power dissipation of the device 
and leads to lower conduction loss. The conduction of the 
Schottky is carried out by majority carriers, so minority car 
rier charge storage effects do not occur during Switching of 
the device. 

0005. It is within this context that embodiments of the 
present invention arise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1A is a diagram illustrating a top view of an 
integrated Structure according to an embodiment of the 
present invention. 
0007 FIG. 1B is a diagram illustrating a top view of an 
integrated structure in which Schottky diodes are arranged in 
a closed-cell layout according to an embodiment of the 
present invention. 
0008 FIG. 1C is a diagram illustrating a top view of an 
integrated structure in which Schottky diodes are arranged in 
a stripe cell layout according to an embodiment of the present 
invention. 
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0009 FIG. 1D is a flow diagram illustrating a process for 
fabricating an integrated structure of the type depicted in FIG. 
1A. 
0010 FIG. 2 is a diagram illustrating an example of a first 
mask used in the fabrication process for fabricating an inte 
grated structure of the type depicted in FIG. 1A. 
0011 FIG. 3 is a diagram illustrating an example of a 
second mask used in the fabrication process for fabricating an 
integrated structure of the type depicted in FIG. 1A. 
0012 FIG. 4 is a diagram illustrating an example of a third 
mask used in the fabrication process for fabricating an inte 
grated structure of the type depicted in FIG. 1A. 
0013 FIG. 5 is a diagram illustrating an example of a 
fourth mask used in the fabrication process for fabricating an 
integrated structure of the type depicted in FIG. 1A. 
0014 FIG. 6SS-34SS are cross sectional diagrams illus 
trating the steps of fabrication of the integrated structure of 
the type depicted in FIG. 1A along a line SS'. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

0015. A detailed description of one or more embodiments 
of the invention is provided below along with accompanying 
figures that illustrate the principles of the invention. The 
invention is described in connection with Such embodiments, 
but the invention is not limited to any embodiment. The scope 
of the invention is limited only by the claims and the invention 
encompasses numerous alternatives, modifications, and 
equivalents. Numerous specific details are set forth in the 
following description in order to provide a thorough under 
standing of the invention. These details are provided for the 
purpose of example and the invention may be practiced 
according to the claims without some or all of these specific 
details. For the purpose of clarity, technical material that is 
known in the technical fields related to the invention has not 
been described in detail so that the invention is not unneces 
sarily obscured. 
0016 Embodiments of the integrated structure compris 
ing power MOSFET devices implementing Schottky diodes 
and their fabrication process are disclosed. Even with the 
addition of Schottky diodes into the integrated structure, the 
fabrication process continues to employ a self aligned contact 
scheme and still requires only four masks. The resulting inte 
grated structures are less expensive to produce and have 
improved device characteristics. 
0017 FIG. 1A is a diagram illustrating a top view of an 
integrated Structure according to an embodiment of our 
present invention. In this example, the integrated structure 
100 is built on a semiconductor substrate 102. Active regions 
of the structure include active gate trenches such as 104, in 
which gates are formed. The active regions further include 
Source/body contact openings Such as 106, in which contacts 
are formed to electrically connect source regions and body 
regions to the source metal 116. The active regions also 
include shield contacts such as 108, which may be made of a 
conductive material. Such as polysilicon (poly). In a shield 
pickup contact 108, a shield electrode is disposed in a shield 
pickup trench 118 and is electrically connected through a 
shield pickup contact opening 108 to source metal 116, which 
in turn is electrically connected to the source and body 
regions of the device. The active regions are surrounded by 
trenches such as 110, which serve several purposes, including 
as termination trenches that separate high potential areas 
(such as the drain) from low potential areas (such as the 
Source), and as gate runners configured to form electrical 
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connections with the gate electrodes in active gate trenches. 
Termination/gate runner trenches 110 further include por 
tions that form gate runner extension trenches 120. The gate 
runner extension trenches extend into gate metal area 114 and 
serve as gate pickup trenches where gate pickup contact open 
ings 112 are disposed for electrically connecting gate runner 
to gate metal 114. 
0018. The features described above duplicate those of the 
integrated structure in U.S. patent application Ser. No. 
12/722.384. The invented method incorporates additional 
features. A mesa 122 is formed between two termination 
trenches, and one or more Schottky diode contacts 124 are 
formed within the mesa 122. The addition of these Schottky 
diodes provides the power MOSFET devices with the desir 
able characteristics discussed above. 

0019. In certain embodiments of the present invention it is 
desirable locate a Schottky diode or group of diodes between 
adjacent active device cells or groups of such cells. There are 
a number of different possible layouts for locating the Schot 
tky diode(s) between active cells. By way of example, and not 
by way of limitation, FIG.1B illustrates a first possible Schot 
tky layout referred to herein as a “closed cell Schottky lay 
out. In this type of layout, Schottky diode regions 141 are 
located between first and second groups of active device cells 
142A, 142B. Each group of active cells 142A, 142B is sur 
rounded by a corresponding termination structure 143A, 
143B. The Schottky diode structures 141 are formed in a 
space between the termination structures of the first and sec 
ond groups of active cells. Each Schottky diode structure 
includes a vertical connection to a source metal layer (not 
shown). The Schottky diode structures 141 are arranged as a 
series of Schottky cells that run in a line parallel to the nearby 
termination structures 143A, 143B. The termination struc 
tures for the two adjacent active cell groups are connected by 
transverse termination structures 144 that run perpendicular 
to the diodestructures 141. Each Schottky diode cell structure 
is therefore surrounded by termination structure. 
0020 FIG. 1C illustrates an alternative possible Schottky 
layout referred to herein as a “stripe cell Schottky layout. In 
this layout, a striped Schottky diode region 145 is located 
between first and second groups of active device cells 142A, 
142B Surrounded by a corresponding termination structure 
143A, 143B. The striped Schottky diode structure 145 runs in 
a line parallel to the nearby termination structures 143A, 
143B. The termination structures for the two adjacent active 
cell groups are connected by transverse termination struc 
tures 144 that run perpendicular to the diode structures 141 
near each end of the Schottky diode structure 144. The Schot 
tky diode structure 144 is therefore contiguous and Sur 
rounded by termination structure. 
0021 FIG.1D is a flowchart illustrating an embodiment of 
a process for fabricating an integrated Structure Such as 100. 
Process 150 involves four masks. At 152, a number of 
trenches are formed using a first mask. At 154, a first set of 
polysilicon regions are formed in the plurality of trenches. At 
156, one or more inter-polysilicon dielectric regions and one 
or more termination protection regions are formed using a 
second mask. At 158, polysilicon is deposited in some of the 
trenches to form a second set of polysilicon regions. At 160, 
using a third mask, first electrical contact opening is made to 
a gate poly, a second electrical contact opening is made to a 
Source poly, and one or more Schottky diodes are formed 
within the mesa formed between termination trenches in an 
area outside an active area containing the active gate trenches. 
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At 162, a metal layer is disposed. At 164, a source metal 
region and a gate metal region are formed using a fourth 
mask. 
0022 Fabrication process 150 is discussed in greater 
detail below. However, for purposes of simplicity, the discus 
sion will be limited to the formation of Schottky diodes within 
the integrated structure. FIGS. 2-5 illustrate top views of four 
masks used in the processes and FIGS. 6SS-36SS' illustrate 
cross-sectional views along SS. SS extends across a Schot 
tky diode, two termination trenches configured to terminate 
and Surround an active region, and the edge of two source? 
body contacts in the active region. 
0023. In the following discussion, an N type device is 
described for purposes of illustration. P type devices may be 
fabricated using a similar process. In FIG. 6SS', an N type 
substrate 602 (i.e., an N silicon wafer with an N epilayer 
grown on it) is used as the drain of the device. In some 
embodiments, Epidoping concentration is 2x10' dopants/ 
cm, with a thickness of 1.4 um. In other embodiments, for a 
heavily doped N++ substrate, a dual epilayer is used, which 
includes an epilayer with Epidoping concentration of 2x10' 
dopants/cm and a thickness of 1.4 um and a buffer layer with 
Epidoping concentration of 10' dopants/cmandathickness 
of 2.4 Lum. 
0024. A silicon oxide layer 604 is formed on the substrate 
602 by deposition or thermal oxidation. A nitride layer 606 is 
disposed on top of the silicon oxide layer. In some embodi 
ments, the thickness of the silicon oxide layer is approxi 
mately 500 to 1500A and the thickness of the nitride layer is 
approximately 1500 A. A thick oxide layer is desirable to 
shield the Schottky region from subsequent body/source dop 
ing during the fabrication process. 
0025. A photo resist (PR) layer is then applied on top of the 
nitride layer and patterned using a first mask. FIG. 2 is a 
diagram illustrating the top view of an example of a first 
mask, also referred to as the trench mask. The trench mask 
includes openings to allow for exposure of the device trenches 
and termination trenches to an etch process. Trench mask 200 
is used to pattern the PR layer. The PR areas corresponding to 
the shaded areas of the mask are not exposed, and the PR areas 
corresponding to the un-shaded areas of the mask are 
exposed. In the following discussion, for purposes of illustra 
tion, it is assumed that positive PR is used, thus the unexposed 
areas are kept and the exposed areas are removed. Negative 
PR may also be used, and the mask would be modified accord 
ingly. The trench mask 200 defines active gate trenches 204, 
Source poly pickup trenches such as 208, and gate runner/ 
termination trenches 210. In some embodiments, the widths 
of the active gate trenches, the Source poly pickup trenches, 
and the gate runner/termination trenches are approximately 
0.45um, 1.0 um, and 2.0 um, respectively. Low grade masks 
Such as masks with critical dimension of 0.35um can be used 
to fabricate the device thereby reducing the cost of masks 
required. 
(0026. In FIG. 7SS', the residual PR layer 704 forms ter 
mination trench openings 702. 
0027 Next, a hard mask (HM) etch is performed to etch 
away exposed portions of the nitride layer and silicon oxide 
layer. The etching stops at the silicon Surface. The remaining 
PR is then removed. In FIG. 8SS', trench openings 802 are 
formed in exposed areas. 
0028. A trench etch follows the HM etch. In FIG.9SS', the 
termination trench opening 902 are etched deeper. In some 
embodiments, the target depth of the trenches is approxi 
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mately 0.3 um to 0.5um. The area between the termination 
trench openings 902 forms a mesa 906 wherein the Schottky 
diode is formed. For a closed cell Schottky layout design 
having stripe cells with a cell pitch of 1 um in the main die, the 
Schottky mesa 906 is wider than the active device mesa on 
which the active devices are formed because a wider Schottky 
mesa 906 supports a higher breakdown voltage. However, 
when the width of the Schottky mesa 906 becomes too great, 
a high breakdown voltage is no longer Supported. By way of 
example, and not by way of limitation, a Schottky mesa width 
of about 1.2 um to 1.4 um may support a 30 volt device. For 
a stripe cell Schottky layout design in a 1 um pitch stripe cell 
main die, the Schottky mesa width should be about 0.6 um to 
about 0.8 um. When the Schottky mesa width is narrower than 
0.6 um or wider than 0.8 um, the breakdown voltage will drop. 
The Schottky mesa width depends on the epidoping concen 
tration of the substrate. The Schottky mesa width relative to 
the active device mesa width is a function of the epidoping 
concentration of the Substrate, e.g., a doping concentration of 
an epitaxial layer grown on the Substrate. 
0029. A thin layer of oxide is deposited or grown ther 
mally in the trench openings 902, lining both the trench 
bottom and the trench walls (not illustrated). The oxide layer 
is approximately 200A thick in some embodiments. Once the 
oxide is formed, an additional layer of nitride is deposited and 
etched back along the horizontal Surface. In some embodi 
ments, the thickness of the nitride layer is approximately 
2200 A. Nitride spacers 1000 are formed along the trench 
walls after blanket etch back, as shown in FIG. 10SS'. 
0030. Next, any exposed liner oxide layer in the bottom of 
the trench opening is removed and a blanket silicon etch is 
performed to further deepen the termination trenches 1102 in 
FIG. 11SS'. The resulting trench depth is on the order of 
approximately 1.5 um to 2.5 Lim, and the trench walls are 
sloped at an angle of approximately 87-88. The nitride 
spacers 1000 allow for a self-aligned etching step that does 
not require additional alignment steps such as an additional 
alignment mask, thus achieving trench slope etch. A wider 
trench opening results in a deeper trench than a narrower 
trench opening due to the nature of the Silicon etch loading 
factor. The depth of the termination trenches 1102 may range 
from about 1 micron to about 2.5 microns. Round hole (R/H) 
etch ranging from about 250 A to about 500A is performed to 
make the corners of the trenches Smoother to prevent high 
electric fields due to sharp corners. 
0031. In FIG. 12SS', one or more oxide layers 1201 are 
deposited or thermally grown. In some embodiments, a sac 
rificial oxide layer of approximately 500 A is optionally 
grown and removed to improve the silicon Surface. A layer of 
oxide of approximately 250A is grown, followed by a layer of 
high temperature deposition oxide (HTO) or thermal oxide of 
approximately 900 A. 
0032 Polysilicon (poly) 1301 is disposed, as shown in 
FIG. 13SS'. In some embodiments, the thickness of the poly 
is approximately 12000 A, which is greater than half the 
width of the widest trench. Thus, poly layers on the sidewalls 
merge and completely fill all the trenches. This layer of poly 
is sometimes referred to as source poly, shield poly, or poly 1. 
0033. The source poly is then etched back using dry etch, 
as illustrated in FIG. 14SS'. In this example, in the termina 
tion trenches, the remaining poly 1401 has a thickness of 
approximately 6000 A. 
0034) High density plasma (HDP) oxide 1501 is then 
deposited and densified. In some embodiments, the densifi 
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cation takes place at a temperature of approximately 1150° C. 
and lasts for approximately 30 seconds. The oxide on the 
trench sidewalls has a Substantially uniform thickness (la 
beled as t1 in FIG. 15SS) throughout the device. In some 
embodiments, t1 is approximately ranging from about 2000 A 
to about 4000 A to partially fill the wider trenches (such as 
termination trenches). Thus, the wider trenches are not com 
pletely filled, allowing a gate electrode to be disposed in the 
space not completely filled by the HDP 1501 oxide in such 
wider trenches in a later step. 
0035. Oxide chemical mechanical polish (CMP) is then 
performed. As illustrated in FIG. 16SS', the CMP process is 
used to polish the HDP oxide 1501 until the top surface of the 
oxide is even with the nitride surface 606, which serves as an 
etch stop. 
0036 FIG. 17SS'illustrates the deposition of an additional 
oxide layer 1701. The thickness of the additional oxide layer 
1701 is approximately 1000 A to 2000 A in some embodi 
ments. The thickness of this additional oxide layer 1701 con 
trols the degree of undercut during a wet etch to be subse 
quently performed under a second mask. The oxide film 1701 
also protects the nitride 606 in non-active areas of the device. 
The protected nitride 606 allows maskless blanket etching of 
the Silicon Substrate in a later process step. 
0037. A layer of photo resist is then spun on the surface of 
the structure and a second mask is applied. FIG.3 is a diagram 
illustrating the top view of an example of a second mask300. 
The outline of the previous mask, the trench mask, is shown in 
dashed lines. The outline of the second mask 300, also 
referred to as the poly cover mask, is shown in dashed lines. 
The poly cover mask300 is used to facilitate the formation of 
the inter-polysilicon region and the termination protection 
region. PR in area 302 (shaded area) of the poly cover mask 
300 is not exposed and kept, thus covering areas underneath 
and protecting the areas from oxide wet etching. PR in areas 
such as 304 (un-shaded areas) of the mask 300 are exposed 
and removed. Areas not covered by PR are etched. The active 
MOSFET cells are formed within openings such as 304. As 
will be described in greater detail below, the edges of the 
openings are placed close to termination trenches such as 306 
and 308 to facilitate asymmetric etching of these trenches. 
0038 FIG. 18SS' illustrates the pattern of the PR cover 
after the exposed portions have been removed. The PR 1801 
covers the entire Schottky mesa 906, fills termination 
trenches at 1804, 1804', and extends over into the active area 
at 1806. As will be shown in connection with FIG. 19SS' 
below, a portion of the oxide under the PR 1801 will be 
removed by etching. Mask overlap and wet or dry etch under 
cut together determine the final profile. Thus, the distance of 
the PR cover 1801 extending into the active region in part 
determines how much oxide will be removed by etching. The 
oxide undercut depth ranges from about 0.6 um to about 1.5 
um. The PR cover 1801 also shields the oxide formed at the 
Schottky mesa 906 from being etched. 
0039 Wet or dry etch is then performed. The results are 
shown in FIG. 19SS'. Some oxide in areas unmasked by PR 
1801 is removed, such that the remaining oxide is held at 
desired height. Some oxide near the edges of the PR is also 
removed. In FIG. 19SS', a portion of oxide in termination 
trench 1902, located underneath the PR and close to the PR 
edge is removed. The amount of oxide that is etched can be 
controlled by adjusting the position of edge 1904 of PR layer. 
Extending the edge 1904 closer to the active region would 
result in less oxide being etched, and extending the edge 
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further away from the active region would have the opposite 
effect. The amount of oxide etched away can vary in different 
embodiments. In the example shown, enough oxide is etched 
away Such that the remaining oxide lining the trench wall in 
the vertical direction is approximately uniform in thickness. 
The oxide layer 1906 above the poly 1401 is referred to as 
inter-poly dielectric (IPD), which can range between a few 
hundred to a few thousand angstroms. 
0040. The PR is then removed, and a layer of gate oxide is 
disposed or thermally grown. In some embodiments, the 
added oxide layer is approximately 450 A thick in some 
embodiments. Thus, in FIG. 20SS', trench walls 2002, 2004 
are lined with oxide. Termination trench 2006 has asymmet 
ric sidewalls, where sidewall 2004 has a thicker oxide layer 
than sidewall 2002. 
0041 Another poly deposition and etch back is per 
formed. In FIG. 21SS', approximately 8000 A to 12000 A of 
poly is disposed in various trenches. The disposed poly is 
etched back, forming gate poly 2102. In the example shown, 
the poly surface is approximately 500 A to 1000A below the 
nitride spacer 1000 bottom reference level. A layer of metal 
such as titanium or cobalt is deposited and annealed. Where 
the metal is in contact with the poly, a polycide layer 2110 is 
formed. The titanium or cobalt metal over the oxide or nitride 
does not form silicide and is removed. 
0042. In FIG. 22.SS', exposed nitride spacers in the termi 
nation trench are removed through a wet etch process. How 
ever, the nitride 2200 positioned on the Schottky mesa is 
shielded from the wet etch. 
0043. In FIG.23SS', body implant takes place. The device 

is bombarded with dopant ions at an angle. In active areas 
unprotected by nitride, the implant forms body regions such 
as 2304. In some embodiments, Boron ions with a dosage 
level of approximately 10"/cm at an implantation energy 
from about 60 KeV to about 180 KeV are used to form an 
N-channel device. Other types of ions can also be used. For 
example, phosphorous ions may be used for P-channel 
devices. 
0044. In FIG. 24SS, source implant takes place with a 
Zero tilt angle. The device is again bombarded with dopant 
ions. In some embodiments, Arsenic ions with a dosage level 
of 4x10" at an implantation energy from about 40 KeV to 
about 80 KeV are used. Source regions such as 2402 are 
formed within body regions such as 2304. 
0045. No additional mask is required to implant the body 
and the source of the device. At the Schottky mesa, the oxide 
nitride-oxide barrier blocks implantions and prevents source 
and body regions from being formed, thus allowing for Sub 
sequent implementation of a Schottky diode in that area. 
0046. In FIG. 25SS', oxide 2500 ranging from about 5000 
A to about 8000A is deposited through to fill trench openings 
and block gate poly 2102 and poly 1 regions 1401. In some 
embodiments, a chemical vapor deposition (CVD) process is 
used to deposit Low Temperature Oxide (LTO) and Boron 
Phosphorus Silicate Glass (BPSG) to a thickness of approxi 
mately 5000 A. 
0047. In FIG. 26SS', the oxide is etched back through a dry 
etch process where the oxide is etched down and stopped by 
endpoint etch on the active cell silicon surface. The oxide 
layer atop the nitride layer at the Schottky mesa is removed 
during this process. 
0048 Asilicon blanket etch takes place and the results are 
illustrated in FIG. 27SS'. The silicon etch depth ranges about 
0.6 um to about 0.8 um depending on the initial trench etch 
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depth of trench 902 of FIG.9SS'. Exposed silicon areas are 
etched, while areas protected by oxide and/or nitride are not 
etched. Since the etching process does not require an addi 
tional mask, it is referred to as a self-aligned contact process. 
0049. Another layer of PR is applied and a third mask is 
used. FIG. 4 is a diagram illustrating an example of a third 
mask 400. The third mask 400 is also referred to as a poly 
pickup mask or contact mask. In this example, features that 
are masked include gate poly pickup contacts such as 402. 
Source poly pickup contacts such as 404, and Schottky con 
tacts such as 408. 

0050. In FIG. 28SS', contact patterns are formed by 
removing exposed PR 2800. Contact openings are formed 
over the Schottky contacts as illustrated in FIG. 28SS'. 
0051. Next, a wet or dry etch is performed to remove the 
exposed nitride layer formed in the contact opening. Addi 
tionally, the exposed oxide layer in the contact opening is also 
removed to allow for formation of the Schottky diode. FIG. 
29SS' illustrates the Schottky contact opening 2900 after 
removal of the exposed nitride and oxide layers. 
0.052 The Schottky diode may be formed at the surface of 
the Schottky mesa, or alternatively may be formed within a 
well formed within the Schottky mesa 906. FIG. 30SS illus 
trates the optional step of performing a silicon etch at the 
surface of the Schottky mesa 906 to create a well 3000 
wherein the Schottky diode may be formed. It is important to 
note that the Schottky diode could be formed within the 
integrated structure without performing this step. 
0053 Prior to formation of the Schottky diode, a deep 
pocket implant is performed at the Schottky contact opening, 
such that a doped shielding region 3100 is formed below the 
well3000 as illustrated in FIG.31SS'. The energy and dosage 
of the doped ions may be adjusted to ensure that the doped 
shielding region 3100 is formed below the exposed surface of 
the well 3000. By way of example, and not by way of limita 
tion, the doped shielding region may be p-type. The doped 
shielding region3100 acts to Suppress reverse leakage current 
during Switching of the device. 
0054 PR is then removed. Barrier metal 3200 such as Ti 
and TiNare deposited as illustrated in FIG.32SS'. A Schottky 
junction is formed at the exposed surface of the well 3000. 
The barrier metal 3200 forms the anode of the Schottky diode 
and the substrate 602 forms the cathode of the Schottky diode. 
The thicknesses of Ti and TiN used varies depending on the 
application. W is then deposited over the barrier metal. In 
some embodiments about 4000 A to about 6000 A of W is 
deposited. The deposited W is etched back up to the oxide 
surface to form individual W plugs 3202. Tungsten plugs 
3202 act as a conductor for the subsequently deposited source 
metal layer and gate metal layer. 
0055. A fourth mask is used to form a source metal region 
and a gate metal region, and to make contacts at the appro 
priate locations. FIG. 5 is a diagram illustrating an example of 
a fourth mask 500, also referred to as a metal mask 500. 
Shaded regions 502 and 504 correspond to the source metal 
and the gate metal, respectively. The un-shaded portion cor 
responds to metal portion that is etched away to separate the 
Source metal region and the gate metal region. 
0056. In FIG. 33SS', a metal layer 3300 is deposited. In 
Some embodiments, AlCu is used to form a metal layer that is 
approximately 3 um to 8 um thick. PR3304 is then deposited 
and exposed using the metal mask. Metal 3300 in exposed 
regions such as 3302 is etched away. 
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0057 The residual PR layer is removed, and the metal 
3304 is annealed. In some embodiments, the metal is 
annealed at 450° C. for 30 minutes. FIGS. 34.SS' illustrate a 
cross sectional view of the final structure with a Schottky 
diode positioned between two termination trenches. 
0058 While the above is a complete description of the 
preferred embodiment of the present invention, it is possible 
to use various alternatives, modifications and equivalents. 
Therefore, the scope of the present invention should be deter 
mined not with reference to the above description but should, 
instead, be determined with reference to the appended claims, 
along with their full scope of equivalents. Any feature, 
whether preferred or not, may be combined with any other 
feature, whether preferred or not. In the claims that follow, the 
indefinite article 'A', or "An' refers to a quantity of one or 
more of the item following the article, except where expressly 
stated otherwise. The appended claims are not to be inter 
preted as including means-plus-function limitations, unless 
Sucha limitation is explicitly recited in a given claim using the 
phrase “means for.” 
What is claimed is: 
1. A method for fabricating a semiconductor device, com 

prising: 
a) forming a plurality of trenches on a Substrate using a first 

mask, the plurality of trenches include active gate 
trenches located in an active area, gate runner/termina 
tion trenches and shield electrode pickup trenches 
located in a termination area outside an active area con 
taining the active gate trenches, the gate runner/termi 
nation trenches including one or more trenches that 
define a mesa located in an area outside an active area 
containing the active gate trenches; 

b) forming a first conductive region in the one or more 
trenches that define the mesa: 

c) forming an intermediate dielectric region and a termi 
nation protection region in the one or more trenches that 
define the mesa using a second mask: 

d) forming a second conductive region in the one or more 
trenches that define the mesa: 

e) forming a first electrical contact to the second conduc 
tive regions, forming a second electrical contact to the 
first conductive region in the shield electrode pickup 
trenches located in the termination area, and forming 
one or more Schottky diodes within a mesa formed 
between termination trenches in an area outside an 
active area containing the active gate trenches using a 
third mask. 

2. The method of claim 1, further comprising: 
f) disposing a metal layer on the device; and 
g) forming a source metal region and a gate metal region 

from the metal layer using a fourth mask. 
3. The method of claim 1, further comprising forming 

asymmetric sidewalls in one or more of the termination 
trenches. 

4. The method of claim 3, wherein forming asymmetric 
sidewalls includes undercut etching a portion of an oxide 
layer that is at least in part covered by the second mask. 

5. The method of claim 4, wherein the asymmetric side 
walls include a first sidewall and a second sidewall, and the 
first sidewall having a thicker oxide layer than the second 
sidewall, the first sidewall being closer to the Schottky diode. 

6. The method of claim 1, wherein forming a Schottky 
diode includes depositing barrier metal on an exposed Surface 
of the mesa formed between termination trenches. 
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7. The method of claim 6, wherein the exposed surface of 
the mesa is an exposed surface of a well formed within the 

CSa. 

8. The method of claim 1, wherein forming a Schottky 
diode includes performing a deep pocket implant to form a 
doped shielding region below a Schottky junction associated 
with the Schottky diode. 

9. A semiconductor device, comprising: 
a) a plurality of trenches on a Substrate including one or 
more active gate trenches located in an active area and 
one or more gate runner/termination trenches and shield 
electrode pickup trenches located in a termination area 
outside an active area containing the active gate 
trenches, the gate runner/termination trenches including 
one or more trenches that define a mesa located in an 
area outside an active area containing the active gate 
trenches; 

b) a first conductive region formed in the plurality of 
trenches; 

c) an intermediate dielectric region and a termination pro 
tection region formed in at least a portion of the one or 
more trenches that define the mesa: 

d) a second conductive region formed in at least a portion of 
the one or more trenches that define the mesa, wherein 
the second conductive region is electrically isolated 
from the first conductive region by the intermediate 
dielectric region; and 

e) a first electrical contact to the second conductive regions, 
a second electrical contact to the first conductive region 
in the shield electrode pickup trenches located in the 
termination area, and one or more Schottky diodes 
formed within the mesa. 

10. The semiconductor device of claim 9, further compris 
ing a gate metal region connected to the first electrical contact 
and a source metal region connected to the second electrical 
contact, wherein the gate metal region is electrically isolated 
from the source metal region. 

11. The semiconductor device of claim 9, wherein the 
Schottky diode includes barrier metal on an exposed surface 
of the mesa. 

12. The semiconductor device of claim 11, wherein the 
exposed surface of the mesa is an exposed Surface of a well 
formed within the mesa. 

13. The semiconductor device of claim 9, wherein the 
Schottky diode includes a deep pocket implant that forms a 
doped shielding region below a Schottky junction associated 
with the Schottky diode. 

14. The semiconductor device of claim 9, wherein the one 
or more Schottky diodes are arranged in a closed cell con 
figuration between first and second adjacent groups of active 
devices. 

15. The semiconductor device of claim 14, wherein the one 
or more Schottky diodes are formed on a Schottky mesa that 
is wider than an active device mesa on which one or more 
active devices are formed. 

16. The semiconductor device of claim 9, wherein the one 
or more Schottky diodes are arranged in a stripe cell configu 
ration between first and second adjacent groups of active 
devices. 

17. The semiconductor of claim 16, wherein the one or 
more Schottky diodes are formed on a Schottky mesa that is 
wider than an active device mesa on which one or more active 
devices are formed. 


